Dopamine is cytotoxic and may play a role in the development of Parkinson's disease. However, its interaction with environmental risk factors such as pesticides remains poorly understood. The vesicular monoamine transporter (VMAT) regulates intracellular dopamine content, and we have tested the neuroprotective effects of VMAT in vivo using the model organism Drosophila melanogaster. We find that Drosophila VMAT (dVMAT) mutants contain fewer dopaminergic neurons than wild type, consistent with a developmental effect, and that dopaminergic cell loss in the mutant is exacerbated by the pesticides rotenone and paraquat. Overexpression of DVMAT protein does not increase the survival of animals exposed to rotenone, but blocks the loss of dopaminergic neurons caused by this pesticide. These results are the first to demonstrate an interaction between a VMAT and pesticides in vivo, and provide an important model to investigate the mechanisms by which pesticides and cellular DA may interact to kill dopaminergic cells.
Introduction
The pathological hallmark of Parkinson's disease (PD) is the selective loss of dopaminergic (DA) neurons in the substantia nigra (Olanow and Tatton, 1999) . Although the pathophysiology of DA cell loss in PD remains unclear, cellular dopamine (DA) itself may play an important role in this process (Guillot and Miller, 2009; Hastings et al., 1996; Michel and Hefti, 1990; Mosharov et al., 2009) . Cytosolic DA and its metabolites conjugate to PD-related proteins (Conway et al., 2001; LaVoie et al., 2005; Norris et al., 2005; Wang et al., 2005; Xu et al., 2002) and more generally increase oxidative stress (Dauer and Przedborski, 2003; Giasson and Lee, 2001; Moore et al., 2005; Stokes et al., 1999) . The neurotoxic properties of DA suggest that the gene products responsible for DA homeostasis have the potential to act as neuroprotectants (Liu and Edwards, 1997; Miller et al., 1999) . These include distinct transporters that: 1) take up DA from the extracellular space -the plasma membrane dopamine transporter or DAT (Kelada et al., 2006; Nass and Blakely, 2003; Ritz et al., 2009) ; and 2) package DA into synaptic vesicles -the vesicular monoamine transporter or VMAT (Chaudhry et al., 2008; Eiden et al., 2004) . Despite widespread speculation, experimental evidence for the neuoroprotective effects of DAT or VMAT in animal models of DA cell death is surprisingly limited, and the effects of VMAT expression on animal models of pesticide exposure are not known.
Since DA is synthesized in the cytoplasm, VMATs are required in all aminergic neurons to actively transport neurotransmitter out of the cytoplasm and into the lumen of synaptic vesicles (Chaudhry et al., 2008; Eiden et al., 2004; Liu and Edwards, 1997) . Mammals contain two VMAT genes, including VMAT2, which is expressed in all aminergic neurons in the brain (Weihe et al., 1994) . Invertebrates such as Drosophila melanogaster (Greer et al., 2005) and C. elegans (Duerr et al., 1999) each contain a single VMAT gene, and provide genetically tractable models to study the effects of VMAT on neurodegenerative processes relevant to PD.
We and others have postulated that, since VMAT regulates cytosolic DA levels, it may function as a neuroprotective gene (Chang et al., 2006; Choi et al., 2005; Hanson et al., 2004; Liu and Edwards, 1997; Mosharov et al., 2006; Park et al., 2007; Sai et al., 2008; Weingarten and Zhou, 2001 ). Mouse models suggest that lower levels of VMAT2 may increase the toxicity of methamphetamines and also reduce the number of DA neurons in aged mice (Caudle et al., 2007; Fumagalli et al., 1999; Guillot et al., 2008) . Epidemiologic data suggest that a VMAT2 haplotype conferring high expression may be neuroprotective for PD (Glatt et al., 2006) . We have previously shown that overexpression of the Drosophila ortholog of VMAT (DVMAT) protects against the DA cell death caused by a gene (parkin) implicated in a 
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